The mediterranean diet (MD) reduced the risk of colorectal cancer (CRC), and olive oil, the primary source of fat in the MD, has also been found to have a protective effect. However, animals fed with oleic acid present a high number of intestinal tumours, suggesting that oleic acid and olive oil consumption can exert different effects on CRC. Considering that extra virgin olive oil (EVOO) is a complex mix of fatty acids and minor compounds such as polyphenols, hydrocarbons, phytosterols and triterpenes; and that these compounds have antioxidant activity and consequently they can modulate the arachidonic acid (AA) cascade and eicosanoid synthesis. This review analyzes the state of the art of olive oil components on the AA cascade and cellular mechanism involved in CRC such as intestinal epithelial cell growth/apoptosis, to understand the fact that the consumption of seed oils with high oleic content or EVOO will probably have different effects on CRC development.
ROLE OF THE ARACHIDONIC ACID CASCADE ON INTESTINAL EPITHELIAL CELL GROWTH AND COLORECTAL CANCER
Considerable amounts of arachidonic acid (AA) are found esterified at the sn-2 position of the phospholipid biomembranes. Under physiological conditions, the amount of free intracellular AA available is quite small, but numerous stimuli can induce AA release through phospholipase A 2 (PLA 2 ) activation. Then, AA can be metabolized by cyclooxygenases (COXs) to produce prostaglandins (PGs), by lipoxygenases (LOXs) to synthesize leukotrienes (LTs) and hydroxyeicosatetraenoic acids (HETEs), and by cytochrome P-450 pathway to produce HETEs and epoxieicosatetraenoic acids (EETs) (Figure 1 ). These bioactive lipids have pleitropic effects even though they were classically considered inflammatory mediators.
Today, the causal relationship between inflammation, innate immunity and cancer is more widely accepted; nevertheless, many of the molecular and cellular mechanisms mediating this relationship remain unresolved. However, there is now evidence that inflammatory mediators have a powerful effect on tumor development. Early in the neoplastic process, eicosanoids produced by the AA cascade could be powerful tumor promoters, producing an attractive environment for tumor growth and promoting angiogenesis in the intestinal mucosa (Ferrer and Moreno, 2010) .
Studies in the early 1980s indicated that nonsteroidal anti-inflammatory drugs (NSAIDs) were chemo preventive in animal models of colorectal cancer (CRC). In 1991, Thun et al. reported that aspirin reduces the relative risk and mortality of CRC. Even more relevant for the clinician were subsequent studies that demonstrated that NSAID therapy can cause the regression of adenoma in patients with familial adenomatous polyposis (Koehne and Dubois, 2004) . Furthermore, COX-2 is elevated in CRC, with the subsequent increase of PGE 2 and 6-keto PGF 1α levels (Moran et al., 2004) .
Using an elegant experimental model of CRC induced by genetic manipulation, Oshima et al. (1996) reported that COX-2 is located in the stromal component and may promote tumor growth by producing bioactive PGs that affect tumor growth in a paracrine fashion. The beneficial effects of dietary manipulation of the AA content in the bio-membranes of animals that spontaneously induce polyps (APC min mice) suggest that AA is a key element involved in tumorigenesis (Petrik et al., 2000) . Inducing a cytosolic PLA 2 deletion in APC min mice, Hong et al. (2001) demonstrated the pivotal role of these enzymes involved in the AA release in small intestine polyp formation. These findings support the hypothesis that the anti-tumorigenic effects of NSAIDs are related to the impairment of PG production. However, these explanations have lacked molecular details, in largely as a consequence of a poor understanding of the role of PG receptors. In the last decade, important findings were obtained with respect to this point. Targeted deletion of the EP 1 receptor of PGE 2 reduced the number of colonic lesions in APC min -induced polyp formation that was also reduced by a specific EP 1 antagonist (Watanabe et al., 1999) , whereas EP 4 deletion reduced the tumor size. Considering all of this together, we have a complete picture of the main elements involved in the effects of the AA cascade on epithelial cell growth in physiological and patho-physiological conditions: AA is released by PLA 2 , then it is metabolized by COX-1/COX-2 to produce bioactive eicosanoids such as PGE 2 , which interact with specific receptors (EP 1 and EP 4 ) and activate cell signaling pathways involved in the control of intestinal epithelial cell growth (Sanchez and Moreno, 2002; Cabral et al., 2013; Cabral et al., 2014) . Cianchi et al. (2006) reported that the two major metabolic pathways of the AA cascade, COX and 5-LOX, are simultaneously up-regulated in CRC. Interestingly, an inhibition of either COX or 5-LOX alone resulted in the activation of the other pathway, and consequently, combined treatment with COX and 5-LOX inhibitors produced greater inhibition of tumor cell proliferation. A high expression of the BLT 1 receptor of LTB 4 (Ihara et al., 2007) and the CystLT 1 receptor of LTD 4 was detected in human colon cancer tissues, whereas CysLT 2 receptor expression was reduced in colon cancer and was associated with poor prognosis, due to its capacity to induce differentiation and growth inhibition (Magnusson et al., 2007) . Recently, we observed that several LOX metabolites from AA and linoleic acid such as LTB 4 , LTD 4 , 5-HETE, 12-HETE, 15-HETE and 13-hydroxyoctadecanoic acid are involved in the control of CRC cell line proliferation (Cabral et al., 2013; Cabral et al., 2014; Martín-Venegas et al., 2014; Cabral et al., 2015) .
EFFECT OF THE MEDITERRANEAN DIET AND OLIVE OIL ON COLORECTAL CANCER
CRC is the third most commonly diagnosed cancers in developed countries, and is the second cause of cancer-related deaths. Although a great effort has been made toward developing detection and surgical strategies, there has been little improvement in the outcome for patients with advanced disease. Obviously, many elements such as the dysregulation of intestinal epithelial cell growth/apoptosis, angiogenesis and metastasis are involved in the development of CRC. Enhancement of cell proliferation is widely understood to be an important factor determining carcinogenesis. In the colon, an increased numbers of cycling cells or mitoses leading to expansion of the cell proliferation zone and increased crypt height as well as depressed apoptosis are considered risk factors for tumor development.
The traditional Mediterranean diet (MD) is widely recognized as one of the healthiest in the world and it is likely that the adoption of this diet would lead to a significant reduction in the incidence of many chronic diseases (Sofi et al., 2011) . This recent meta-analysis of prospective cohort studies concluded that the MD is responsible of a significant reduction in death that included the impairment in the incidence of neo-plastic diseases. In this sense, updated reports from a large cohort such as the European Prospective Investigation into Cancer and Nutrition (EPIC) have found a lower overall cancer risk among individuals with greater adherence to the MD (Couto et al., 2011) . Similar results were obtained in the large cohort belonging to the National Institutes of Health (Reedy et al., 2008) .
It is the consumption of olive oil, more than any other single factor that distinguishes the traditional MD from other dietary patterns, and it has been related to the reduced risk of various neoplasms including CRC (Pelucchi et al., 2011) . It is important to consider that extra virgin olive oil (EVOO) is a complex mix containing fatty acids such as oleic acid and minor compounds such as simple phenols (tyrosol and hydroxytyrosol), adhehydic secoiridoids (oleuropein), flavonoids and lignans (pinoresinol) as well as hydrocarbons (scualene), phytosterols (β-sitosterol) and triterpenes (maslinic acid) ( Table 1 ), and that some of these compounds may modulate the mechanism 
EFFECT OF OLIVE OIL COMPONENTS ON OXIDATIVE STRESS AND AA CASCADE
Olive oil contains a high amount of oleic acid and only a small amount of linoleic acid, the precursor of AA in mammals. Thus, olive oil provides monounsaturated fatty acids, which are not as readily oxidized as the polyunsaturated fatty acids, and consequently reduces membrane susceptibility to lipid peroxidation. Furthermore, Bartoli et al. (2000) reported that a diet rich in olive oil significantly reduced AA concentration in tissues, changes that might be responsible for the impairment of oxidative stress and the synthesis of AA metabolites . There is a wellestablished inverse relationship between the dietary intake of antioxidant-rich foods and the incidence of human diseases. EVOO contains numerous minor components with antioxidant activity such as polyphenols. These facts are consistent with the observation that the minor components of olive oil protect against DNA oxidation and lipid peroxidation (Mitjavila et al., 2013) . Among the minor components of EVOO, phenolic compounds are those most extensively studied. However, it should not be overlooked that EVOO contains other components that are quantitatively more significant such as hydrocarbons and phytosterols. Thus, β-sitosterol inhibits ROS production (Moreno, 2003) through the enhancement of antioxidant enzymes such as Mn superoxide dismutase and glutathione peroxidase (Vivancos and Moreno, 2005) . Interestingly, polyphenols and phytosterols can modulate oxidative stress through distinct and complementary mechanisms that induce synergistic effects (Vivancos and Moreno, 2005) .
We must consider that the cellular redox state may act as a molecular switch that regulates the activity of many enzymes and genes. In this way, ROS are involved in the PLA 2 activation, AA release and eicosanoid synthesis (Martínez and Moreno, 2001) . Consequently, foods rich in antioxidants such as EVOO modulate cellular oxidative stress, the AA cascade and reduce eicosanoid synthesis , events that may be specifically modulated by bioactive components of EVOO such as polyphenols and phytosterols (Moreno, 2003; Vivancos and Moreno, 2008) .
EFFECT OF OLEIC ACID ON COLORECTAL CANCER AND COLON CANCER CELL LINE PROLIFERATION
In recent decades, epidemiological data indicated a key role from the amount of dietary fat in the pathogenesis of different neoplasms as CRC (Bartsch et al., 1999) . Several experimental models have also provided evidence that the fatty acid composition in the diet is a major determinant in the risk of tumor development. However, the precise mechanisms underlying their inflammatory/ anti-inflammatory, tumorigenic/anti-tumorigenic or immune-modulating effects remain largely unknown. Interestingly, dietary olive oil modulates the lipid membrane composition and the production of inflammatory mediators including PGs and nitric oxide ) as we mentioned above.
Olive oil has been found to have a slight protective effect on CRC development (Braga et al., 1998) , while monounsaturated fat intake appeared uninfluential (Franceschi et al., 1998) . Interestingly, Hansen Petrik et al., (2000) reported that Apc Min/+ mice fed with an oleic acid diet presented a high number of intestinal tumors, whereas, when the diet was prepared with olive oil, Barone and co-workers (2014) observed a decrease in polyp number and polyp volume, with respect to a soybean oil diet (PUFA rich). These important discrepancies put into consideration the fact that oleic acid and olive oil can exert different effects on CRC. In this sense, we recently observed that oleic acid induces intestinal epithelial cell growth whereas oleic acid in the presence of EVOO components such as hydroxytyrosol, oleuropein, pinoresinol or maslinic acid did not have this mitogenic action (Martínez-Hovelman et al., 2013) .
EFFECTS OF EXTRA VIRGIN OLIVE OIL MINOR COMPONENTS ON ARACHIDONIC ACID CASCADE AND COLON CANCER CELL LINE PROLIFERATION
Traditionally the beneficial effects of olive oil have been ascribed to its oleic acid content. However, a wide range of evidence indicates that the beneficial effects of EVOO intake are due to the minor bioactive compounds present in the unsaponifiable fraction. Thus, EVOO polyphenols such as tyrosol and hydroxytyrosol are potent antioxidants and radical scavengers (Visioli et al., 1998) that can inhibit COX pathway and the synthesis of PGs (Moreno 2003; Vivancos and Moreno 2008) as well as the synthesis of LTs by the LOX pathway (De la Puerta et al., 1999; Moreno 2003) .The main phenolic compounds present in EVOO, oleuropein and hydroxytyrosol, induce a reduction in proliferation and an increase in apoptosis in human colorectal cancer cell lines by down regulating FAS activity (Notarnicola et al., 2011) . In this way, we recently reported that EVOO lignans such as pinoresinol, EVOO triterpenes such as maslinic acid and EVOO hydrocarbons such as squalene inhibited cell proliferation and DNA synthesis induced by oleic acid in adenocarcinoma cell cultures (Martínez-Hovelman et al., 2013) .
CONCLUSIONS AND FUTURE PERPECTIVES
In conclusion, oleic acid and oleic acid in the presence of the representative minor components of EVOO have different effects on oxidative stress, the AA cascade and intestinal epithelial cell growth (Figure 2 ) and consequently the consumption of seed oils, seed oils with high oleic content or EVOO will probably have different effects on CRC development. Additional research is necessary to clarify this point with important consequences for nutrition, health and economy. Furthermore, a profound clinical and experimental study on the effect of EVOO's minor components regarding CRC is also necessary to elucidate the mechanisms involved. 
